Anastomotic aneurysms may develop after any type of vascular surgery, in different areas of the arterial system, and require reoperation. The frequency of occurrence of the above-mentioned is estimated at 1-5%. material and methods. During the period between 1989 and 2010, 180 patients with 230 anastomotic aneurysms were subject to surgical intervention at the Department of General and Thoracic Surgery, Warsaw Medical University. The study group comprised 21 (11.7%) female and 159 (88.3%) male patients, aged between 30 and 87 years (mean age -62.8 years). In relation to the number of anastomoses aneurysms were diagnosed in 2.1% of cases. Twenty-four (10.4%) patients were diagnosed with recurrent aneurysms. results. Surgical procedures performed were as follows: artificial prosthesis implantation (119), reanastomosis (40), patch plasty (25), graftectomy (19), prosthesis replacement (9), and stent-graft (7) implantation. 195 (84.8%) aneurysms were subject to planned surgery, while 35 (15.2%) required emergency intervention. 77.8% of patients were diagnosed with aseptic aneurysms, while the remaining 22.2% with infected perioperative aneurysms. Good treatment results were obtained in 149 (82.8%) patients. Limb amputations were performed in 19 (10.5%) cases. Twelve (6.7%) patients died as a consequence of infection and general complications. conclusions. Vascular reoperations are a difficult clinical problem and are burdened with a high rate of complications. The above-mentioned often require complex treatment, in order to improve therapeutic results.
rov-Smirnov's test) or median. The percentage comparison of nominal variables between the study and control groups was performed by means of the chi-square and Fisher's exact tests, depending on the number of patients in selected groups. When assessing significance for selected parameters the odds ratio (OR) and 95% confidence intervals (CI) by means of logistic regression were determined. In order to determine the differences between mean or median, considering the study and control groups the t-student and Mann-Whitney tests were used. p<0.05 was considered as statistically significant.
RESULTS
All patients were divided into five age groups, presented in tab. 1a.
As can be seen from the above-mentioned table most anastomotic aneurysms were diagnosed in the third age group (between 61 and 70 years). Patients under fifty and over 81 years constitute 11.1% of the general population with the pathology.
Statistical analysis compared the incidence frequency of anastomotic aneurysms in patients > 60 years and the elderly. Considering younger patients anastomotic aneurysms are less frequently observed: 49/3604 (1.4%), as compared to 131/6266 (2.1%) -[chi 2 =6.827 p=0.009; logistic regression LR -OR=1.54 (95% CI 1.11 -2.16] . Table 1b illustrated the time intervals considering the control group.
Anastomotic aneurysms can develop throughout the arterial system, and after every vascular operation, and consist in the opening and closure of the artery. In case of our study patients the above-mentioned were diagnosed everywhere.
The inguinal femoral arteries are the most common location of anastomotic aneurysms, erative lesions, prosthesis and suture abnormalities, technical errors, and others.
MATERIAL AND METHODS
During the period between 1989 and 2010, 9870 patients were subject to surgical procedures, due to arterial diseases, at the Department of General and Thoracic Surgery, Warsaw Medical University, including 180 (1.8%) patients with 230 anastomotic aneurysms after vascular operations. The study group comprised 21 (11.7%) female and 159 (88.3%) male patients, aged between 30 and 87 years (mean age -62.8 years).The study material only considered aneurysms diagnosed and subject to treatment after a minimum of 3 months since the primary vascular operation. The incidence of anastomotic aneurysms is determined in comparison to the number of performed anastomoses. Considering the presented study group 10790 vascular anastomoses were performed. Therefore, the estimated percentage of anastomotic aneurysms amounted to 2.1% (230 of the total 10790 vascular anastomoses). Anastomotic aneurysms are most often located in the groin, as a sum of different causative factors. Considering literature data of anastomotic inguinal aneurysms their frequency is estimated in relation to the total number of anastomoses. Considering the study material vascular inguinal anastomoses were performed in 3340 patients with diagnosis of 187 aneurysms (5.6%). We considered all aneurysm locations during the period of 22 years.
The clinical material was systematically gathered for more than 20 years, which enabled to determine the recurrence rate of the abovementioned pathology after primary surgery. For statistical analysis a control group was established, which comprised patients hospitalized, due to arterial disorders, subject to both surgical and conservative therapy during two randomly selected years, considering the study period. Patients with arterial pathologies were subject to analysis in 1995 and 2005.
The SAS package-version 9e was used for statistical analysis (SAS Institute Inc., Cary,NY,USA). Nominal variables were presented as absolute numbers and percentages, while continuous variables as mean values and standard deviations (SD) in case of a normal distribution (measured by means of Kolmogo- constituting 81.3% of all above-mentioned aneurysms.
The time of onset of anastomotic aneurysms after primary surgery ranged between 3 months and 23 years. All cases diagnosed previously were excluded from the study. Table 2 compared the time elapsed since the primary operation to aneurysm development.
The average time since the development of the aneurysm from the primary surgical intervention was 6.2 years. In case of recurrent aneurysms the time is most shorter amounting to an average of 1.8 years. Considering the presented study anastomotic aneurysms at the level of the aortic arch and descending aorta were diagnosed seven times in 6 (2.6%) patients.
Anastomotic aneurysms at the level of the thoracic aorta developed as a result of reconstructive operations. In case of the brachiocephalic trunk patency restoration was performed by means of the implantation of a dacron patch, due to atheromatosis. Two axillary artery aneurysms developed after extra-anatomical axillary-femoral grafts. All thoracic artery aneurysms (descending segment) developed as a consequence of aortic coarctation treatment consisting in the implantation of dacron patches. Other primary operations at the aorto-ilio-femoral and popliteal level leading towards anastomotic aneurysm development were presented in tab. 3.
The last column of the table shows that most anastomotic aneurysms develop after operations consisting in the implantation of aorto- Clinical symptoms associated with the growth of the anastomotic aneurysm may be divided into fast and slow growing. The former group is characterized by significant symptoms, such as pain, compression signs, and peripheral ischemia, rupture included. The latter group is characterized by slow aneurysmal growth and poorly expressed symptoms. The symptomology also depends on the location of the aneurysm. Aneurysms located inside cavities at the level of the thoracic and abdominal aorta, and iliac arteries might be oligosymptomatic for a long period. This is probably associated with the compensatory capacity of the cavities in relation to the increase in their volume. The symptomology is somewhat clearer in case of anastomotic aneurysms located in intermuscular and interfascial spaces, especially in the vicinity of a nerve or venous vessels. An example of such a location is the subclavicular area, groin, and popliteal fossa.
A particular problem is associated with rapidly growing aneurysms, which in effect may rupture leading towards life-threatening external bleeding or extravasation into surrounding tissues. These aneurysms require emergency surgery, being burdened with a greater number of early and distant complications. Such management was required in case of 15.2% of patients with anastomotic aneurysms and 28.9% of patients with rapidly growing aneurysms. A particular type of perforation was observed in case of fistulas between the leaking vascular anastomosis and gastrointestinal lumen. They usually develop at the level of the transverse part of the duodenum, which was observed in 5 of our study patients. No other fistulas were observed.
Patients after vascular operations complicated by anastomotic aneurysms demonstrated multi-location atherosclerosis symptoms and concomitant pathologies. Table 4 presented the most common coexisting disorders accompanying anastomotic aneurysms.
Coexisting vascular pathologies diagnosed in the study group were compared with their incidence in the control group (tab.1a). Considering additional factors which might be important in the etiopathogenesis of anastomotic aneurysms, one should include smoking, steroid and anti-thrombotic therapy. In case of the study group there were 122 (67.8%) smokers, 12 (6.7%) on steroid therapy, and 32 (17.8%) receiving oral anticoagulation, due to cardiac indications. The above-mentioned are considered as risk factors. Other concomitant diseases, which were diagnosed in the study group include diabetes mellitus, dyslipidemia, pulmonary and renal diseases, neoplastic diseases, and others. Table 5 presented the most common disorders. The right side of the table concerns control group patients.
All patients with anastomotic aneurysms underwent surgery. Elective operations were performed in 195 (84.8%) patients, while emergency interventions in 35 (15.2%). Emergency operations were performed in case of external bleeding, massive subcutaneous extravasation, and gastrointestinal bleeding. Table 6 presented the different types of reconstructive operations, considering anastomotic aneurysms.
The initial three therapeutic methods should be considered as essential, since they were performed in 184 cases, representing 80% of all aneurysms. However, the most common operations consist in the filling of the anastomotic defect by means of a vascular prosthesis. Such management enables to refresh the edges of the anastomosis and re-anastomosis with the patients' artery without excessive tension. There is quite a significant correlation between the period of hospitalization and obtained anastomotic aneurysm treatment results. The short hospitalization period is evidence of successful treatment, while prolonged hospitalization is evidence of accompanying complications. Hospitalization period in case of our patients ranged between 7 and 104 days (mean -18.8 days). The above-mentioned is quite long, mainly due to the group of patients who presented different complications. Table 7 presented early results after surgery.
A good anastomotic aneurysm reconstructive surgery result was considered when peripheral circulation after the operation was the same or often even better than before surgery. This situation mainly applies to patients in whom there was thrombosis of the aneurysmal sac and peripheral ischemia. During the early postoperative period 38 patients required reoperation, due to different complications. Table 8 presented the character of these complications.
Based on tab. 8 data satisfactory results were obtained in 28 (15.5%) patients after reoperation. In case of patients with early graft thrombosis after anastomotic aneurysm sur- Table 6 Type of surgery Number of aneurysms % gery, we concluded that the reason for the above-mentioned complication in 6 cases was the insufficient blood flow to the deep femoral artery. Patency restoration was performed simultaneously with femoro-popliteal graft surgery. Four patients with an inguinal anas-artery, mainly when it was impatent. Considering the collected fragment of the artery we performed previous arterectomy using it as a tubular graft or patch for arterial reconstruction. Table 9 presented the treatment results, depending on the causative factor of infection. Pseudomonas aeruginosa was listed on a separate group of Gram-negative rods, due to the specific infections considering the pathogen. It often colonizes the area of the anastomotic aneurysms, and appears as a secondary infection after successful staphylococcus eradication. At the site of infection other recognized cases of mixed infection were also observed, characterized by significant dynamics. Table 9 showed the greatest number of mortality cases in the above-mentioned group. The specified types of pathogens were dominant considering bacteriological reproduction. This is not evidence that other bacterial pathogens were not subject to reproduction. Targeted antibiotics therapy was implemented.
Artificial prosthesis implantation
Over the years, some changes were observed concerning the types of pathogens responsible for anastomotic aneurysm infections. Since the mid-eighties to the early nineties of the past century Staphylococcus type infections dominated. In the nineties of the past century Gram-negative rods predominated. Many therapeutic problems during the above-mentioned period were associated with Serratia marcescens infections, due to antibiotic-resistance. Since the late nineties until present day vascular surgery infections are dominated by methicillin-resistant Staphylococcus strains (MRSA). However, over the mentioned period we observed Pseudomonas aeruginosa infections with a relatively equal intensity.
In total, amongst study group patients good treatment results were observed in 149 (82.8%) patients. Table 10 presented treatment results considering all three patient groups. tomotic aneurysm after femoro-popliteal graft surgery required the reconstruction of the low anastomosis of the graft with the popliteal artery. Each time we performed a peripheral anastomosis with the popliteal artery usually extending the graft by a vascular implant.
In case of 40 patients with confirmed vascular prosthesis infection and coexisting anastomotic aneurysm, we only considered these cases where the onset of the aneurysm was longer than three months, since the primary reconstructive operation. The following were most often found in wound cultures: Staphylococcus aureus, and in recent years its methicillin-resistant strain, Staphylococcus epidermidis, Escherichia coli, Enterobacter species, Serratia marcescens, Pseudomonas aeruginosa, and other rare pathogens. Management in case of infected aneurysms was bidirectional. Targeted antibiotic therapy used in case of all patients, preceded by the surgical debridement of the infected operative field complemented each other.
Often, the procedure aimed at controlling the infection, and at the same time, maintain distal perfusion, was multi-staged. These patients were subject to an average of 4.8 operations. These procedures consisted in the control of bleeding, considering ruptured aneurysms, as well as complete or partial excision of the vascular prosthesis, and peripheral perfusion restoration. The restoration of circulation after the removal of the infected vascular prosthesis is very difficult, burdened with a high risk of recurrent septic bleeding. Therefore, in the first place we tried to restore vascular bed patency or use the autogenic material for vascular reconstructions. The veins and arteries were the most common autogenic material. Superficial and deep veins of the lower limbs were most often used. The most commonly collected artery for vascular reconstruction was the superficial femoral Lower limb amputations were performed in 19 (10.5%) patients. The cause for amputation was mostly an uncontrollable infection and lack of possible revascularization, due to multilevel atherosclerosis. Twelve (6.7%) patients died because of generalized infection and coexisting circulatory system diseases.
DISCUSSION
The incidence of anastomotic aneurysms is usually established in percentages, in comparison to the number of performed anastomoses. Considering the presented study group 15 090 different vascular anastomoses were performed. Therefore, the estimated anastomotic aneurysm rate amounted to 1.5% (230 cases). Anastomotic aneurysms are most often located in the groin, as a summation of various causative factors. Literature data concerning inguinal anastomotic aneurysms mentioned their incidence, estimated on the number of performed anastomoses. Considering the study material, 10790 inguinal vascular anastomoses were performed, and in 185 we observed the development of aneurysms (1.9%).
Treatment of most anastomotic aneurysms is surgical, consisting in the restoration of the patency of the arterial system. An integral part of the operation consists in the excision of the aneurysmal sac with blood clots located in its interior. Such management is aimed at decompressing surrounding structures, limiting bacterial contamination, and thus, postoperative infection development. Fifty years of experience of different authors showed that aseptic anastomotic aneurysms require one of three basic therapeutic methods. Supplementation of the arterial defect by means of a vascular prosthesis is performed when the aneurysm developed after primary arteriotomy or prosthesis-artery grafting. Patch implantation is performed in all cases where suturing would cause excessive anastomotic tension. The third method consists in re-arteriotomy or recurrent stent-graft implantation.
Other therapeutic methods are less frequently used, especially in case of infected aneurysms, including graftectomy, exchange of the prosthesis by autogenic material (own vein or artery), patency restoration of the vascular bed, and other methods (3, 4) .
An additional and highly effective method considering treatment of anastomotic aneurysms is intravascular therapy using stentgrafts. The above-mentioned method, despite numerous advantages has its limitations. It cannot be used when the aneurysm is located in the close vicinity of significant arteries, since if covered by the stent-graft could lead towards ischemia (5) .
The most common therapeutic method in case of anastomotic aneurysms consists in the supplementation of the defect by means of a new prosthetic fragment, which was confirmed by many authors (6-9).
Other therapeutic procedures were used in case of infected aneurysms, their incidence ranging between 10 and 31%, depending on the author (1, 9) . Treatment is aimed at controlling the infection by means of targeted antibiotics, as well as the removal of the infected tissues and prostheses. The second component of complex therapy consists in the restoration of circulation, which often is the most difficult part. Revascularization is obtained by means of extra-anatomical grafts (10, 11) .
Positive therapeutic results were also described after the use of autogenic veins, arterial segments, frozen arterial allografts, prostheses coated with silver, and PTFE prostheses, being less susceptible to infection (12 -15) .
The most frequently performed extra-anatomical grafts were as follows: iliofemoral graft through the obturator foramen, and axillofemoral branching of the ascending aorta. The anastomotic aneurysm located between the synthetic prosthesis and popliteal artery (26). Criado et al. effectively managed the anastomotic aneurysms of the axillary and subclavian arteries, underlining that if a large hematoma was left untreated it could unfavorably influence the function of the shoulder plexus (27) .
The use of stent-grafts in case of infected aneurysms or for the separation of fistulas between the venous, respiratory, gastrointestinal, and urinary systems, which are a complication of anastomotic aneurysms, is a matter of controversy. The introduction of synthetic material into the infected field might be an additional source of bacterial contamination, exacerbating infection symptoms. However, clinical experience has shown that the use of endovascular methods in case of infected aneurysms with prolonged (several weeks or months) targeted antibiotics treatment can provide therapeutic success, regardless the location of the anastomotic aneurysm (28-31).
There are many promising reports concerning the effective separation of arteriovenous fistulas, as well as gastrointestinal and respiratory fistulas complicating anastomotic aneurysms, using stent-grafts. Emergency implantation of a stent-graft and bleeding control are considered as graft surgery enabling to save the life of a patient. Radical treatment might take place in the future, when more optimal for the patient. Such management reduces mortality to about 10% (32, 33, 34) .
Some authors also positively evaluated hybrid operations used in the treatment of aneurysms (35).
Directly after surgery, according to different authors, one may observe 70 to 85.5% of good results (1, 10, 36) . Poor results are considered in case of perioperative mortality, limb amputations, infections, and recurrent aneurysms. The most dangerous complication after reconstructive surgery of anastomotic aneurysms is infection, which negatively influences treatment results. Whats more, mortality and limb amputations are related with the possible ongoing infection. Table 11 presented the possible complications and their incidence, according to different authors.
As shown in tab. 11 there is a close correlation between the obtained treatment results latter are recommended in case of Behcet's disease or Marfan's syndrome (16, 17) .
Since the introduction of endovascular methods (such as stent-grafts) into the vast range of therapeutic possibilities considering vascular pathologies, they have also found their place in the management of anastomotic aneurysms. While in case of aseptic aneurysms the use of stent-grafts has found many supporters and is widely accepted, it is quite a controversial method in case of infected aneurysms. The more that the stent or stent-graft might be the initial cause of an infected pseudoaneurysm. In case of anastomotic aneurysms located in the thoracic descending aorta the use of stent-grafts is the method of choice, due to its minimal invasiveness, and fewer complications (18, 19, 20) . Also, according to other authors endovascular treatment is recommended in cases of reoperation on the descending aorta (21) .
At the level of the abdominal aorta and iliac arteries reoperations with the use of stentgrafts have also found many supporters. The more so that the technological progress and introduction of fenestrated and "sleeve-like" stent-grafts eliminated some of the earlier contraindications of the method (22) .
The lower invasiveness, as compared to classical surgery, and high efficacy of the exclusion of the aneurysmal sac from circulation amounting to 97-98% is evidence that the endovascular method is a full alternative to open surgery (23, 24) .
Due to the anatomical conditions the abovementioned method is least used in case of inguinal anastomotic aneurysms. However, in certain situations it may be successfully used (25) . The most significant limitation of the method is to leave the aneurysmal sac, which due to surrounding structures might be responsible for the development of compression symptoms from the venous and neural systems. In case of surgical treatment the aneurysmal sac and its contents are removed, which at the same time eliminates compression symptoms. Considering the surgical method there is the possibility to dilate and restore vascular patency, which is not possible in case of the endovascular method.
Literature data described cases of endovascular treatment considering the management of peripheral anastomotic aneurysms. Biolik et al. mentioned the therapeutic success of the and coexisting infection. The higher the rate of infection the poorer the treatment results. Another important problem considering the treatment of anastomotic aneurysms is their recurrence. The problem is so significant that it affects more than 10% of all patients with anastomotic aneurysms. Thus, the need for distant control investigations, in order to search for possible recurrences. Table 12 presented the recurrence rate, according to different authors.
Recurrence has a negative impact on the obtained results, since each subsequent surgical procedure changes the relations in the operating field making it more difficult. Therefore, treatment of recurrent aneurysms is burdened with a greater number of complications (44) .
Considering the presented study material recurrent aneurysms were diagnosed in 24 (10.4%) cases. In eighteen cases they recurred twice and in six, three times. 
